Summary. Ovaries were taken from 12 freemartins of crown-rump length 4\m=.\2\p=n-\27\m=.\5 cm (47\p=n-\130 days of gestation), 16 singleton fetuses of 5\p=n-\8cm (55\p=n-\75days) and 18 singleton fetuses of 10\p=n-\20cm (78\p=n-\108days 
Introduction
Although the freemartin condition has been studied for over 60 years, the causative factors are still unknown. Several theories have been proposed to explain the virilization of the ovary in the freemartin calf. Lillie "X1916) originally proposed that the agent was hormonal while others have produced evidence that it could be cellular (Ohno & Gropp, 1965) or a substance that induces sex reversal of the ovary (Witschi, 1965; Short et ai, 1969) . A significant feature of the freemartin fetus is the small ovary which sometimes contains seminiferous tubules (Jost, Vigier & Prepin, 1972 ). Since we have reported (Shemesh, Ailenberg, Milaguir, Ayalon & Hansel, 1978) that the bovine fetal ovary is actively secreting oestrogen but not testosterone in fetuses of 3-3-8-0 cm crown-rump length, we investigated whether steroidogenesis in the early freemartin was altered compared with that in normal ovaries.
Materials and Methods

Animals
Ovaries were taken from 12 freemartins (9 twins, 3 sextuplets). Ovarian anastomotically were also studied. Animals were obtained at a slaughterhouse and all the gonads were cultured within 1-2 h after slaughter. The gestational ages were estimated from growth curves for singletons as previously described (Shemesh et ai, 1978) . The sex of each fetus was determined by the morphology of the gonad and the ventral and anterior migration of the scrotal swelling. 
Hormone assays
Steroids were purchased from Sigma and the labelled compounds from New England Nuclear, Boston, Massachusetts, U.S.A. Antibodies were raised in our own laboratory. The medium contained undetectable amounts of each of the hormones being measured (<50 pg/ml) before and after incubation without tissue. Samples were assayed in duplicate Testosterone. The antiserum was raised in a rabbit against testosterone-3-(0-carboxymethyl)-oxime-BSA. This antiserum reacts preferentially with testosterone but cross-reacts (50%) with 5a-dihydrotestosterone and to a limited extent (<0-l%) with a variety of other steroids (progesterone, cortisol, oestradiol and androstenedione). Separation of free from anti-body-bound testosterone was accomplished with dextran-coated charcoal, as described by Shemesh & Hansel (1974) . The recovery of a known amount of testosterone (2-5 ng/ml) added to a pool of homogenized ovaries plus medium after incubation was 101 ± 7-6% (n = 10) after correction for endogenous steroids. The inter-and intra-assay coefficients of variation were [8] [9] and 6-7% respectively. The sensitivity of the assay was 5 pg/tube. Progesterone. Progesterone was measured by radioimmunoassay, essentially as described by Shemesh & Hansel (1975) , using an antiserum raised in rabbit against a progesteronella-hemisuccinate-BSA conjugate. This antiserum reacts specifically with progesterone and to a negligible extent (<0-1%) with testosterone, cortisol, oestradiol, androstenedione, 20a-and 20ß-dihydroprogesterone. The recovery of a known amount of progesterone (2-5 ng/ml) added to a pool of homogenized ovaries was 96-2 ± 4-9% (n = 5). The inter-and intra-assay coefficients of variation were 11 and 9%, respectively. The sensitivity of the assay was 5 pg/tube.
Oestrogen. Oestrogen was measured using an antiserum raised in rabbit against oestradiol-17ß-(6-0-carboxymethyl)oxime-BSA. The antibody cross-reacts with oestrone (3%) and to a negligible extent with other steroids (see Shemesh et ai, 1978) . The recovery of a known amount of oestradiol (2-5 ng/ml) added to a pool of homogenized ovaries was 97-2 ± 6-4% (n = 5). The coefficients of variation between and within assays were 10 and 7%, respectively. The sensitivity of the assay was 5 pg/tube. A second antibody was raised in rabbit against oestradiol-17ß-hemisuccinate-BSA which reacts with both oestradiol-17 ß and oestrone, but to a negligible extent with other steroids. This antibody was used only when assays with the first antibody gave non-detectable results.
Results
The gonadal weights of the fetuses are shown in (Table 3 ). The hormone values for the singleton ovaries found in this study are in agreement with our previous report for ovaries similarly incubated (Shemesh et ai, 1978) , even though the hormones in the present study were not extracted with organic solvents but measured directly. Values are mean ± s.e.m. for the no. of ovaries in parentheses.
Discussion
The results are the first to show steroidogenesis by the fetal freemartin ovary. The freemartin ovary produced progesterone in quantities within the usual range for normal ovaries, indicating that there is no impairment of the activity in the initial steps of steroidogenesis. However, whereas ovaries from fetuses of 3-3-8-0 cm crown-rump length have been shown, both in this experiment and previously (Shemesh et ai, 1978) , to produce oestrogens in nanogram amounts, ovaries from freemartins at the same gestational stages produced no detectable oestrogen. The failure of the freemartin ovary to produce oestrogen was concomitant with an increased production of testosterone which was normally undetectable in the fetal ovary.
Twinning per se does not affect the co-twin. Gonads from three female-female twins had normal steroid profiles. Female-male twins which were not joined anastomotically and had gonads of normal size were also steroidogenically normal. The incidence of non-freemartin twins for fetuses was 2/12 (16-6%) which can be compared with an incidence of 8% reported by Marcum (1974) for 532 heterosexual twins. When the ovaries of singleton fetuses of 4-8 cm crown-rump length (c. 50-70 days of gestation) are incubated, exogenous testosterone increases oestrogen production and cAMP increases the production of both testosterone and oestrogen (Shemesh, 1980) . It is therefore unlikely that the lack of precursor was the cause of the failure of the freemartin ovary to produce oestrogen because testosterone was present in ample quantities. The defect therefore appears to be due to reduced aromatase enzyme activity or increased 5a-reductase activity which would result in non-aromatizable substrates. The second possibility is considered less likely because (1) Short et ai (1969) and Pierrepoint, Stewart & Rack (1969) reported that the principal androgens in the post-partum freemartin ovary were testosterone and androstenedione; (2) Wilson & Shteri (1973) could detect only trace amounts of dihydrotestosterone in incubated fetal testes and ovaries of the rabbit; and (3) we could not detect any appreciable amounts of 5 a-dihydrotestosterone in an extract of the 4 oldest freemartin ovaries.
The relationship between the inability of the ovary to produce oestrogen and the freemartin condition is not clear because the function of fetal ovarian oestrogen is still speculative. Fetal ovarian oestrogen secretion occurs in animals such as rabbit, sheep and cow, all of which display delayed meiosis, and Byskov (1979) has suggested that the oestrogen regulates the production of substances which promote or inhibit meiosis. The freemartin has been reported not to undergo the exponential meiotic division characteristic of normal ovaries (Prepin, Vigier & Jost, 1979 (Shemesh, 1980) and (2) exogenous testosterone has no effect on the normal fetal ovary in vivo, even though the fetus is masculinized (Jost, Chodkiewicz & Mauleon, 1963) . The findings of this study therefore favour the hypothesis that a substance such as H-Y antigen, which has recently been shown to convert bovine ovaries to testes in vitro (Ohno, Nagai, Ciccarese & Iwata, 1979) , causes these intracellular changes at about the time of gonadal differentiation.
